Ligand-induced changes in the structure and dynamics of a human class Mu glutathione S-transferase.
Glutathione transferases are detoxification enzymes that catalyze the addition of glutathione (GSH) to a wide variety of hydrophobic compounds. Although this group of enzymes has been extensively characterized by crystallographic studies, little is known about their dynamic properties. This study investigates the role of protein dynamics in the mechanism of a human class mu enzyme (GSTM2-2) by characterizing the motional properties of the unliganded enzyme, the enzyme-substrate (GSH) complex, an enzyme-product complex [S-(2,4-dinitrobenzyl)glutathione, GSDNB], and an enzyme-inhibitor complex (S-1-hexylglutathione, GSHEX). The kinetic on- and off-rates for these ligands are 10-20-fold lower than the diffusion limit, suggesting dynamic conformational heterogeneity of the active site. The off-rate of GSDNB is similar to the turnover number for its enzymatic formation, suggesting that product release is rate-limiting when 1-chloro-2,4-dinitrobenzene is the substrate. The dynamic properties of GSTM2-2 were investigated over a wide range of time scales using (15)N nuclear spin relaxation, residual dipolar couplings, and amide hydrogen-deuterium exchange rates. These data show that the majority of the protein backbone is rigid on the nanosecond to picosecond time scale for all forms of the enzyme. The presence of motion on the millisecond to microsecond time scale was detected for a small number of residues within the active site. These motions are likely to play a role in facilitating substrate binding and product release. The residual dipolar couplings also show that the conformation of the active site region is more open in solution than in the crystalline environment, further enhancing ligand accessibility to the active site. Amide hydrogen-deuterium exchange rates indicate a reduction in the dynamic properties of several residues near the active site due to the binding of ligand. GSH binding reduces the exchange rate of a number of residues in proximity to its binding site, while GSHEX causes a reduction in amide-exchange rates throughout the entire active site region. The location of the dinitrobenzene (DNB) ring in the GSDNB-GSTM2-2 complex was modeled using chemical shift changes that occur when GSDNB binds to the enzyme. The DNB ring makes a number of contacts with hydrophobic residues in the active site, including Met108. Replacement of Met108 with Ala increases the turnover number of the enzyme by a factor of 1.7.